When we use Scatchard analysis for insulin receptor on intact cells, internalization of insulin may affect the Scatchard analysis.
In this study, results from Scatchard analysis for insulin receptor on hepatocytes of streptozotocin (STZ)-induced diabetic rats were compared with those from association and dissociation studies and those from Scatchard analysis using hepatocyte membrane which does not internalize insulin. Insulin binding was increased in both hepatocytes and the membranes from STZ-treated rats. Scatchard analysis revealed that both the receptor number and affinity constant were increased.
In the dissociation study, the increase in the affinity constant was revealed to be due to a decrease in the dissociation rate constant.
The association rate constant was comparable in STZ and control rats. The Scatchard plot was more concave in STZ rats than in controls, suggesting that the magnitude of the negative cooperative effect was greater in STZ rats. This was confirmed by measuring the dissociation rate constant in the presence or absence of unlabeled insulin. Increases in the receptor number, affinity constant, and negative cooperative effect in STZ rats were observed both in hepatocytes and in hepatocyte membranes.
Previous studies have shown that the affinity of insulin receptor is altered in a number of situations, such as acute glucose ingestion (Muggeo et al., 1977) , hypoglycemia (Bar et al., 1977) , acidosis (De Meyts et al., 1976) , fasting (Bar et al., 1976; DeFronzo et al., 1977; Olefsky et al., 1978) and streptozotocin (STZ)-induced insulin deficiency (Kobayashi et al., 1979) . We have also reported that not only the num- (Olefsky et al., 1978) . These facts suggest that Scatchard analysis cannot be used in some conditions, and that it is important to re-evaluate the results obtained by Scatchard analysis in intact cells with method which are not affected by internalization.
To ensure and to elucidate the mechanisms responsible for increased affinity of insulin receptors in STZ rat, the following two methods were used. First , association and dissociation rate constants of insulin receptors were measured in hepatocytes . The ratio of these constants represents the affinity constant. Second, results of Scatchard analyses of binding curves from intact hepatocytes were compared with those from hepatocyte membranes, which do not internalize insulin.
Material and Methods

Animals
Male Wistar rats weighing 160-200 g were used in all experiments. Hypoinsulinemic diabetic rats were produced by injecting 50 mg/kg of streptozotocin dissolved in citrate buffer (pH 4.5) into a tail vein of rats fasted overnight . They were used for experiments 8 weeks after the injection. All animals were fed ad libitum until the experiments. Preparation of isolated hepatocytes and cell membranes : Hepatocytes were isolated according to a modification of the method of Berry and Friend (1969) as described previously (Okamoto et al., 1982) . More than 90% of the hepatocytes were found intact judged from their ability to exclude trypan blue after incubation.
Plasma membranes were prepared from the isolated hepatocytes by the method of Neville (1968) except that the minimum essential medium was used as diluent. Protein determinations were performed according to the method of Lowry et al. (1951) . Eq 2 shows the relationship of KA (affinity constant), Ka (association rats constant) and Kd (dissociation rate constant). In the initial part of the association study, the association rate constant can be estimated by Eq 3. Va represents the rate of association of insulin to its receptors, and [I] and [R] are almost equal to [Io] (tracer concentration of insulin) and [Ro] (free receptor concentration at the start of the study), respectively.
Eq (1) Eq (2) Eq (3) Fig. 2-a insulin during the incubation for 2 hours before the dissociation study was subtracted from cell associated insulin at the time points indicated during the dissociation study. The dissociation rate constant (Kd) was derived from the initial 5 min period of the dissociation study (Fig. 3) equivocal incaease in the affinity constant and tendency toward the increase in the receptor number were also observed by Scatchard analysis with hepatocyte membrane (Fig. 4-b) . This is similar to the findings in normal rats by Olefsky et al. (1978) . In our present studies, the Scatchard analysis gave a more concave curve in STZ rats than in normal rats. The ratio of Ke/ Kf, which was defined as representing the potency of the cooperative effect (DeMeyts et al., 1973) , was increased in both intact hepatocytes and hepatocyte membranes from STZ rats. This suggests an increase in negative cooperativity in STZ rats. In fact, our dissociation study demonstrated that the dissociation of insulin in STZ rats was slower than in controls in the absence of insulin, but almost comparable to controls in the presence of insulin. These results are in accordance with the results of Scatchard analysis. It is interesting to note that the dissociation rate constant of insulin receptors from STZ rats was almost the same as that of control rats at the high concentration of insulin. This indicates that the decreased dissociation rate constant in STZ rats depends on the concentration of insulin.
As described above, we could ensure the increase in the number and affinity of insulin receptor on hepatocytes from STZ rat with two different methods. The increase in affinity was revealed to be due to a decrease in the dissociation rate constant by the dissociation study. An increase in negative cooperativity in the receptor from STZ rat found by Scatchard analysis was also shown directly by the dissociation study. These results suggest that we can use intact cells for the study of the receptor as long as we chose proper experimental conditions. But some factors, such as internalization of insulin and its receptor or degradation of insulin during binding studies, may affect the results obtained from Scatchard analysis in intact cells. In fact, the ratios of in- the regulation or adaptation to hypoinsulinemia. Ronnett et al., reported using the heavy isotope density shift method in which insulin does not affect the rate of appearance of the newly synthesized active receptor at the plasma membrane ; rather the ligand increase the net rate of loss of receptor from the cell surface (Ronnett et al., 1983) . The increase in the number of receptors in STZ rat may therefore be only a result of a decrease in the degradation of the receptor. The increase in the affinity constant in STZ rat was revealed to be due to a decrease in the dissociation rate constant. But other mechanisms remain obscure. They may be explained by a decrease in receptor degradation. If a high affinity state (or site) receptor is bound to insulin and degradated faster than low affinity state (or site) receptor, the mean affinity will be decrease at high insulin concentrations due to a decrease in the affinity of the receptor. And mean affinity will be increased at low insulin concentrations. But a change in the affinity constant could be observed even at a membrane which do not internalize the receptor, suggesting that the affinity change in STZ rat is due to other mechanisms which mainly change the dissociation rate constant.
